Experimental data are presented for the fiber/matrix interfacial adhesion in unsizedand sized EglassIepoxy microcomposites. A comparison of the results obtained by the microbond and the single-fiber composite tests is presented and discussed. The adequacy of specific micromechanical adhesion testsfor a given fiber/matrix systemis discussed. It is conjectured that the "true" value of the adhesion strengthfalls in-between the results from the microbond and the single-fibercomposite tests.
Introduction
The presence at the fiber/matrix interface of a chemical coupling agent in E-glass/epoxy composites may be a critical factor regarding the physical/mechanical performance of such systems. Moreover, environmental exposure (to humidity, heat, solvents) and aging are likely to strongly affect the interface response to mechanical fields. It is therefore rather clear that a quantitative assessment of the strength of the interfacial bond, under various conditions and for any fiber/composite system, is an imperative necessity. Such considerations have resulted into a large amount of experimental work, these last years, in the field of interfacial micromechanics [1] . Two particularly popular methods are the microbond (MB) test and the single-fiber composite (SFC) test, which we have used here to measure the stress transfer capability in Eglass/epoxy with different glass fiber surface treatments. The purpose of the early stages of the work, which we present here, was to compare and discuss the results from these two micromechanical testing configurations, and to point out the adequacy, as well as the advantages and limitations of each.
Experimental
The matrix system used in the present work consisted of a mixture of 90 percent by weight of DER 331 and 10 percent by weight of DER 732, the latter being used as a flexibilizer. DER 331 is a bisphenol A based (DGEBA) liquid epoxy resin, and DER 732 is a polyglycol diepoxide liquid epoxy resin, both from Dow Chemical. The fibers were E-glass from Vetrotex International Saint-Gobain, with a nominal diameter of 17 JlD1. Unsized fibers, as well as sized ones (generic names P122 and S139), were. used. Both sizings were commercial epoxycompatible silane-based treatments. The MB and SFC specimens were cured in an identical fashion: in both cases, the epoxy mixture was mixed in stoechiometric proportions with the curing agent DEH 26 (Dow Chemical), which is tetraethylenepentamine. Prior to sample preparation the epoxy resins were stored overnight in a dessicator. After mixing with the hardener, and combining with the single fiber either in the form of a film (for the SFC test) or of 
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a droplet (for the MB test) [2, 3] , th.e specimens were cured at room temperature for 24 hour, followed by 3 hour at SOC, then by a final 3 hour postcure at 100C, and slow cooling.
Micromechanical testing for the MB and SFC configurations was performed in the continuously monitored mode using a video camera fitted to a polarizing microscope. This is fully described elsewhere [2] [3] [4] . The strain rate was 30 J.UD!min in both cases.
Results and discussion
According to the literature on the MB test, interface debonding occurs as soon as one of the following conditions is met: (i) The interface bond yields in shear uniformly, leading to a linear relationship between the debonding force F and the embedded interfacial area, with slope equal to the (average) interfacial shear strength 't; (it) The interface bond ruptures once the maximum value of the interfacial shear stress (occuring where the fiber emerges from the matrix) exceeds either the interface strength or the matrix shear strength, whichever is lower [5] . This leads to a linear relationship between the debonding force and the Greszczuk parameter n (a function of the the elastic' constants of the fibre and matrix and of the specimen geometry), again with slope equal to the interfacial shear strength 't; (iii) The interface bond ruptures once the energy supplied by the loading system locally exceeds the energy necessary to debond the interface: here a linear relationship is predicted between the debonding force and a certain parameter A, with slope equal to G 1/2, where G is the work of fracture per unit area of interface. Several expressions were proposed by Outwater and Murphy [6] , Piggott [7] , and Penn and Lee [S] for the parameter A.
The MB test results are presented in Table 1 , and are interpreted in terms of the models just discussed. Regardless of the model used in the interpretation, the two interfaces with sized fibres are approximately of equal strength/toughness, and the unsized interface is comparatively weaker. Only two models seem reasonable in terms of the correlation coefficient r 2 , namely the uniform shear yielding and Piggott's energy model [7] . Note also that in all cases r 2 is smaller for the unsized fibers, reflecting the fact that the surface of unsized fibres is more likely to be susceptible to damage by contamination. the saturation length, and df is the fiber diameter. The saturation length l sat is measured at the end of the SFCtest, when no more fiber breaks occur. To calculate aj{/saJ one either (i) perform a large number of tests with single fibers at various lengths, followed by extrapolation to the saturation length (whichusually is too short to be directly tested), or (ii) perform a continuously monitored SFC test, measure the average fiber strength at progressively decreasing average fragment lengths by either acoustic or optical means, followed by extrapolation to the saturation lengthfrom the non-saturating (linear) portionof the fragment length vs fiber strength plot [2] .
The SFC test results are presented in Table 2 , where t was calculated as described above and aj{/saJ was determined by inference from continuously monitored tests using a video camera fitted to a stereozoom microscope, as fully described elsewhere [2, 9] . We observed that in the Eglass/epoxy composites studied, in most cases a saturation state could not be reached because of interfacial debonding and/or matrix failure prior to the generation of any significant number of fiber breaks. Specifically, for the unsized sample, 2 out of 27 specimens reached full saturation, and for the sized samples P122 and S139, only 4 out of 50 specimens and 6 out of 54 specimens, respectively, reached a saturation state. 
Concluding comments
There are a few lessons to be learned from the results presented here for E-glass/epoxy interfaces: . • First, sincethe tests are different in nature(in terms of both the loading configuration and the specimen geometry), the stress fields induced locallyare different, and therefore the interface stress transfer ability parameter (t) in Table 1 and 2 cannot be directly compared. Thus, differences in t observed between the two test results for the three types of interfaces should not be unexpected. " , • Second, SFC tests tend to bias the results' for t towards higher values, whereas MB tests do exactly the reverse.~deed,~gardi ng S.FC tests, Piggott [7] predict~that there is always a competition between interfacial debonding and the fiber fragmentation process, and that the latter -rather than debonding-takes place only if t > (naf2), where n is the Greszczuk parameter, a dimensionless material variable [5, 7] . As an example, for unsized fibers this condition amounts to t > 40 MPa and therefore observation of full fragmentation is very difficult, and in fact will be observed only for a statistically small number of specimens wherein the interface bond is particularly strong: this indeed is what happens in the experiments, as mentioned above, and the conclusion is that the SFC test results provide an overestimation of the actual interfacial shear strength. Regarding MB tests, those specimens in which fibers break rather than puU-out from the microdroplet are discarded: but these are specimens wherein the interfacial bond is high, and therefore only specimens with relatively low and medium interface shear strength are accounted for, which tends to artificially bias the data towards lower valuesof t.
• An additional complicating factor in the case of E-glasslepoxy is the fact that the failure strains of glass (em -0.04) and epoxy (Em • 0.07) are not too far apart, which makes the fragmentation phenomenon more difficult to occur.
• The significance of the all of the above is the following: for a given fiber/matrix system, there is currentlyno singleuniversal micromechanical test of the interface strength. The most appropriate test dependson the relative mechanical properties of the fibers and the matrix, as well as on the actual value of the interfacial bond strength t. The "true" value of t falls usually in-between the results from the MB and the SFC tests, since the former is an underestimation and the latter an overestimation of the interfacial shear strength. Thus, in the present case, t is equal to about 11.5 MPa for unsized E-glass/epoxy composites, and to about30 MPa for sized E-glasslepoxy composites.
